This commentary highlights the contribution of the article by Chapman and colleagues assessing the relationships between glucose absorption, glycaemia and gastric emptying during critical illness. In addition to several more expected findings, their data suggest that factors other than slow gastric emptying may limit glucose absorption during critical illness. This hypothesis has received little attention so far, although numerous small intestinal abnormalities possibly interfering with absorption are known to occur in intensive care patients. Future work should focus on further validation of tools to assess nutrient absorption in the critically ill, before defining the precise causes and mechanisms that are involved.
In a recent issue of Critical Care, Chapman and colleagues [1] report a study aiming to quantify glucose absorption and the relationships between gastric emptying, glucose absorption and glycaemia in critically ill patients. This study follows many publications from the same Australian group that have contributed greatly to better our understanding of gastrointestinal failure during critical illness [2] . They analysed the kinetics of glucose absorption, glycaemia modifications, and gastric emptying after a test meal in 19 critically ill patients, with comparison to healthy volunteers. The test meal was administered by nasogastric bolus, however, a modality of administration somewhat different from the classic continuous intragastric infusion. Some of their findings were expected from previous work, while others clearly challenge our present beliefs.
In agreement with many previous studies [2, 3] , the rate of gastric emptying was reduced in critically ill patients and, consequently, the rate of glucose absorption was found to be reduced. Glucose absorption in this study was measured using 3-O methylglucose (3-O MG). Like glucose, 3-O MG is actively absorbed by enterocytes (through sodium glucose co-transporter-1), but it is not metabolized; therefore, kinetic parameters obtained from sequential plasma concentrations as well as urinary excretion following digestive administration have been used as markers of glucose absorption [4, 5] . Since absorption of this sugar occurs almost exclusively in the intestine, gastric emptying should logically influence the rate of 3-O MG absorption after intragastric administration, an observation that Chapman and colleagues confirmed.
The finding that 3-O MG absorption is still decreased in the subset of patients with normal gastric emptying is more surprising, however, and calls out for additional explanation. Besides gastric emptying, numerous factors may theoretically influence the kinetics of 3-O MG absorption, including mucosal integrity, the number of sodium glucose co-transporters, small intestine peristalsis, blood flow, the volume of distribution of the substance, and alterations in renal clearance [4, 6] .
The hypothesis of impaired intestinal absorption of glucose in critically ill patients has received little attention so far; indeed, many ICU physicians still consider that nutrients are absorbed completely provided that they have passed beyond the pylorus. Increasing evidence may indicate, however, that this concept is obsolete, and energy loss through malabsorption may be an overlooked problem in ICU patients. Using bomb calorimetry, a method to quantify the energetic losses in faecal material, investigators demonstrated substantial loss of calories in the faeces of ICU patients, most of them fed postpylorically [7] ; in 13 patients with a faeces collector because of loose stools, the caloric value of energy loss was a mean of 301 kcal/day, and 3 patients had a loss of more than 500 kcal/day in the stools [7] .
Commentary
Impaired glucose and nutrient absorption in critical illness: is gastric emptying only a piece of the puzzle?
Decreased intestinal absorption in ICU patients may conceivably be multifactorial; gut mucosal atrophy and decreased splanchnic perfusion have been described extensively during critical illness. Also, digestive secretory function (essential for degradation of more complex nutrients) may be qualitatively or quantitatively affected, as neurohumoral control is frequently impaired. Furthermore, intestinal motility is possibly inappropriate for optimal digestion and absorption of nutrients due to the persistence of migrating motor complexes during feeding [2, 8] .
Conducting studies assessing intestinal absorption in ICU patients is a difficult task. In particular, caution should be taken when interpreting the kinetics of 3-O MG (to represent glucose) absorption in the ICU setting. ICU patients do indeed show pharmacokinetic differences compared with normal individuals, including increased volume of distribution and variable clearance of substances [9, 10] . In septic patients, the volume of distribution of hydrophilic substances is often greater due to an increased capillary permeability resulting in fluid shifts from the intravascular compartment to the interstitial space. Distribution volume may also be increased in ICU patients by the presence of mechanical ventilation, hypoalbuminaemia (increased capillary leakage), extracorporeal circuits, postsurgical drains, or burn injury [10] . The resulting effect would be a decreased plasma concentration of the molecule with a risk of misinterpretation of some important kinetic parameters (area under concentrationtime curve, maximal concentration, time to peak concentration). This may be of particular relevance if the sampling period is relatively short. To circumvent this problem, quantification of urinary excretion of the test substance during prolonged urinary collection may be preferable. Alternatively, the so called 'dual probe' method has been proposed; in this method, simultaneous administration of probe substances that respond in a similar way to variables such as extracellular fluid volume or renal clearance enables calculation of urinary excretion ratios, thereby eliminating the effect of these factors [4] .
Another observation from Chapman and colleagues' study is the finding that gastric emptying was inversely related to baseline blood glucose, such that elevated blood glucose levels were associated with slower gastric emptying. This confirms previous data from animal as well as human studies demonstrating a deleterious effect of hyperglycaemia on gastric emptying [11] . Also, previous studies have suggested that small intestinal [12] and gallbladder motility [13] may be inhibited by a hyperglycaemic state. Glucose control may thus be important for optimal tolerance and absorption of nutrients in ICU patients.
Future work should thus aim to confirm whether absorptive capacity of the gut is indeed impaired during critical illness and to determine the causes and mechanisms of this. With this aim in view, further development and validation of tools enabling reliable assessment of nutrient absorption in the ICU setting would be eminently desirable.
